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@ WRIST MECHANISM FOR INDUSTRIAL ROBOT.

@ A wrist mechanism having a reduced size and
improved acceleration/deceleration  performance,
wherein on the front face part of the wrist section
mounted on the end part of a robot arm, provided is
a first reduction gear of an a-rotating shaft whose
axis is aligned with the y-shaft axis of the robot arm;
on the lateral face part of the wrist section, provided
is a second reduction gear of a bending g-shaft
perpendicular to the y-shaft axis of the robot arm; on
the shaft axis aligned with the y-shaft axis, rotatably
supported are inside and outside turning shafts; on
the respective end parts of which bevel gears are
mounted; to the bevel gear of the end part of the
outside turning shaft, provided is a device which is

engaged with the input bevel gear of the bending 8-
shaft and performs the bending rotation of the wrist
by the transmission of the rotation of the input bevel
gear of the bending g-shaft; the bevel gear of the
end part of the inside turning shaft is engaged with
the gear mounted on the g-rotational shaft supported
perpendicularly to the robot arm shaft; a bevel gear
mechanism is provided at each of both ends of an
inclined rotational shaft whose axis is at an acute
angle to the g-rotational shaft center; and a device is
provided which is engaged with the input bevel gear
of the reduction gear of an a-turning shaft, and
performs the turning of the wrist by the transmission
of the rotation.
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TECHNICAL FIELD

This invention relates to a wrist mechanism for
an industrial robot, particularly to the one in which
the swing axis at the tip end of the wrist is aligned
on coaxial line with the axial center of the arm.

BACKGROUND ARTS AND THEIR PROBLEMS

In general, the wrist mechanism of industrial
robots is the front-end mechanism in which robot
operations should be integrated, so that not only
revolution and rotation of what is called "a", "8",
and "y" axes be universal, but also the mechanism
be small in size, smooth in rotational transmission
and strong in force. One of the wrist mechanisms
for an industrial robot according to the prior art is
disclosed by the Laid-Open Japanese Patent Ap-
plication No. 1988-185595. The side sectional view
of the prior art is shown in Fig. 3.

In Fig. 3, the outer rotation shaft 7 is supportec
by the bearing 51 within the robot arm 63 ("y"
axis) whose speed is reduced by the speed re-
ducer (not shown), and further the inner rotation
shaft 8 is supported by the other bearing within the
outer rotation shaft 7. One output power transmitted
by the outer rotation shaft 7 enters the speed
reducer 6 on the "B" axis via the bevel gears 5a
and 5b to make up and down rocking (what is
called "8" rotation), while the other output power
tfransmitted by the inner rotation shaft 8 enters the
speed reducer 11 on the "a" axis via the bevel
gears 4a and 4b, the spur gear train 9a, 9b and 9c
and the bevel gears 2a and 2b to make what is
called "a" rotation of the wrist 1.

In the wrist mechanism for an industrial robot
according to the prior art, however, the speed
reducer 11 for "a" rotation is arranged on the
member 10 at the front end portion of the wrist,
and the speed reducer 6 for "g8" rotation is ar-
ranged close to the inner rofation shaft (8), thus
both constituting the last stage of the respective
power fransmission systems: In more detail, one
output power transmitted enters the speed reducer
11 on the "a" axis via the bevel gears 4a and 4b,
the spur gear frain 9a, 9b and 9c and the bevel
gears 2a and 2b to make the "a" rotation of the
wrist 1, while the other output power transmitted
enters the speed reducer 6 via the bevel gears 5a
and 5b to make the "g" rotation. With this configu-
ration, the gear train 9a, 9b and 9c necessitates the
idle spur gear 9b for adjusting potential backlash
taking place between the spur gears 9a and 9c in
an assumed direct engagement of them, thus re-
quiring many pieces of rotating parts, resulting in a

large moment of inertia.

SUMMARY OF THE INVENTION
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Object

To solve the above problems, an object of the
present invention is to provide a wrist mechanism
for an industrial robot in which the spur gear frain
for "a" axis is replaced by a combination of bevel
gears, where the intermediate shaft axis intersects
at acute angles with the "8" and "a" axes, thus
minimizing the number of gears required without

changing the original arrangement of the "a" axis
speed reducer.

Technical Means for Solving the Problems

To achieve the above object, a wrist mecha-
nism for an industrial robot according to the
present invention is characterized in that:

a (first) speed reducer is provided for an "a"
rotation, at the wrist portion attached to the tip (or
front) end of the robot arm, so as to be in coaxial
line with the axis of the robot arm;

a (second) speed reducer is provided for a "g8"
rotation, at the side of and closer to the robot arm,
S0 as to be at right angle with the axis of the robot
arm;

outer and inner rotation shafts are rotatably
supported in the robot arm so as to be in coaxial
line with the "y" axis;

bevel gears are attached on the respective tip
ends of the outer rotation shaft and the inner rota-
tion shaft;

a bevel gear is provided to the shaft of the
second speed reducer so as to engage with the
first bevel gear, for receiving a bending power to
the "g8" axis; and

the second bevel gear engages with a bevel
gear attached on one end of a "g" rotation shaft
supported at right angle with the robot arm "y"
axis;

a rotfation shaft is provided at an acute angle
with the "g8" rotation shaft so as to be rotatably
supported;

bevel gears are attached to one and the other
ends of the rotation shaft so as to engage with the
mating bevel gears;

a bevel gear is attached to the shaft of the first
speed reducer so as to engage with the mating
bevel gear for receiving a rotational power to the
"a" axis; and

a rotation of the wrist portion is made via the
first speed reducer by the input rotation power
transmitted from the inner rotation shaft through the
bevel gearing.

The above configuration such as the intermedi-
ate power fransmission shaft making an acute an-
gle (not right angle) intersecting with "a" and "g8"
axes can not only minimize the number of parts
required, but also reduce the moment of inertial of
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the wrist mechanism as well as minimize the
chance of possible backlash adjustment.

In the above configuration, as described above:

The three spur gears in the gear train for "a"
rotation according to the prior art is replaced by
one intermediate shaft with two bevel gears at both
ends, thus reducing the number of parts and gears,
resulting in a further miniaturized and compact
wrist mechanism for an industrial robot.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional side elevation view showing
an embodiment of a wrist mechanism for an
industrial robot according to the present inven-
tion;

Fig. 2 is a sectional side elevation view showing
another embodiment of a wrist mechanism for
an industrial robot according to the present in-
vention; and

Fig. 3 is a sectional side elevation view showing
a wrist mechanism for an industrial robot ac-
cording to the prior art.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

Now preferable embodiments of the wrist
mechanism for an industrial robot according to the
present invention will be described, referring to the
accompanying drawings.

Parts in the embodiments according to the
invention shown in Figs. 1 and 2, which have the
same or similar functions as or to those of the prior
art shown in Fig. 3 are given the same numerals
and signs as those of the prior art.

In Fig. 1, in the one embodiment according to
the present invention:

A first speed reducer 11 for the "a" axis (for
wrist rotation) is provided in coaxial line with the
"y" axis (of the robot arm 63) at the front end
portion of a wrist portion 1. A second speed re-
ducer 6 for the "B" axis (for wrist bending) is
provided at right angle with the "y" axis (of the
robot arm 63) at the side portion of the wrist
portion 1 close to the robot arm 63.

First, explanation is made about how to trans-
mit wrist rotational power from the robot arm 63 fo
its front end component or the first speed reducer
11 for the "a" axis:

Within the robot arm 63 an outer rotation shaft
7 is supported by a bearing 51 in coaxial line with
the robot arm 63. Further, within the outer rotation
shaft 7 an inner rotation shaft 8 is also supported
by the bearing 51 in coaxial line with the robot arm
63. A second bevel gear 4b attached to the upper
end of the inner rotation shaft 8 is engaged with a
fourth bevel gear 4a screwed onto one end of a
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horizontal "g" rotation shaft 41. A fifth bevel gear
3b is attached to the other end of the "8" rotation
shaft 41. The fourth bevel gear 4a is rotatably
supported by a bearing 42 in a housing 43 fixed fo
the robot arm 63. The inner and outer rings of the
bearing 42 are positioned in place by the housing
43, the shoulder of the "B8" rotation shaft 41 and
the engagement portion of the fifth bevel gear 3b.

A rotation shaft 31, 24, 21 is provided at an
acute angle with the "g" rotation shaft 41. Onto
one end of the rotation shaft 31, 24, 21 a sixth
bevel gear 3a is fitted so as to engage at the acute
angle with the fifth bevel gear 3b. The rotation shaft
31, 24, 21 consists of a collar 24, small diameter
section 31 and large diameter section 21. The
small diameter section 31 is rotatably supported by
a needle bearing 32, which is further fixed by a
retaining ring 33 and a housing 20.

The large diameter section 21 is rotatably sup-
ported by a bearing 22, which is further fixed by a
ring-shape retainer 23 and the housing 20. On the
end of the large diameter section 21 a seventh
bevel gear 2b is attached so as to engage with an
eighth bevel gear 2a attached to the lower end of
the "a" shaft connected to the first speed reducer
11.

The first speed reducer 11 is fitted into a
recess 13 machined on an upper end of a
(rotatable about "g8" axis) member 10, so as fo
rotate the wrist portion 1 about "a" axis by an
amplified rotational torque with reduced speed via
an output end section 12.

Next, explanation is made about how to trans-
mit wrist bending power from the robot arm 63 to
its side end component or the second speed re-
ducer 6 for the "8" axis:

Within the robot arm 63, on the upper end of
the outer rotation shaft 7 a first bevel gear 5a is
attached so as to be rotatably supported by the
bearing 51 (rotatable relative to the inner rotation
shaft 8). The first bevel gear 5a is engaged with a
third bevel gear 5b attached to the inner end of the
input shaft of the second speed reducer 6. The
second speed reducer 6 reduces the input rota-
tional speed. An amplified bending output torque
with reduced speed is transmitted to the member
10 via an output shaft 62, so as to make a bending
(rocking) motion of the member 10. The member
10 is rocking-free supported by a bearing 14, which
is further supported by the housing 43. Numeral 61
is a grease cover, and 34 is a normally-closed
window opened in a cover 20 for serving to main-
tenance work such as adjustment or repair of bevel
gear backlash or wear. Around the window is pro-
vided a seal (not shown) for blocking oil leaking.
The cover 20 and the grease cover 61 both serve
fo oiling to the bevel gears and the rotating parts.

Fig. 2 is a sectional side elevation view show-
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ing the other embodiment of a wrist mechanism for
an industrial robot according to the present inven-
tion:

In this embodiment, the previous input trans-
mission method to the first speed reducer 11 for
"a" rotation embodied by the first embodiment is
further enhanced for stabilization: More particularly
the transmission configuration of rotational torque
from the robot arm 63, through the second bevel
gear 4b on the inner rotation shaft 8, then to the
fourth bevel gear 4a on the horizontal "g8" rotation
shaft 41 is improved for a more stabilized arrange-
ment of the fourth bevel gear 4a and for eliminating
possible irregularities of gear transmission with the
"g" rotation shaft supported at both far ends
(instead of the previous cantilever construction).

In more detail, a hole is opened in the axial
center of the third bevel gear 5b. Through the hole,
a bolt 53 is screwed into the input shaft (not
shown) of the second speed reducer 6 for bending
"B" rotation. Into a recess bored in the third bevel
gear 5b a bearing 52 is fitted.

Further, the bearing 52 is fitted onto a boss
projecting from the fourth bevel gear 4a, which is
further bolted coaxially into the "g" rotation shaft
41 by bolt 46.

On the reducer side of the fourth bevel gear 4a
or on the boss a shoulder 44 is provided. The
shoulder 44 and a ring-shape retainer 45 position
the inner ring of the bearing 52 in axial place from
both sides.

As described above in detail, since the wrist
mechanism for an industrial robot according to the
present invention engages a part (intermediate) of
bevel gearing at acute angle with bevel gears on
the "a" and "8" rotation shafts, the wrist mecha-
nism can not only reduce the number of gears and
related parts, but also the moment of inertia of the
whole system, thus remarkably enhancing
acceleration/deceleration capability. Further the re-
duction in number of gear meshes may serve fo
reduce the man power for adjusting or repairing the
possible backlash or wear of the gears.

It goes without saying that, this invention is not
limited to the above described embodiments but
applies to every other embodiment to the extent
the content is not departed from the following
claims.

Claims

1. A wrist mechanism for an industrial robot, in
which:

a first speed reducer is provided for an

"a" rotation shaft, at the wrist portion attached

to the tip upper (or front) end of the robot arm,

so as to be in coaxial line with the "y" axis of
the robot arm;
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a second speed reducer is provided for a
"B" rotation shaft, at the side of and closer to
the robot arm, so as to be at right angle with
the "y" axis of the robot arm;

outer and inner rotation shafts are rotatably
supported in the robot arm so as to be in
coaxial line with the "y" axis;

a first bevel gear is attached on the upper
end of said outer rotation shaft;

a second bevel gear is attached on the
upper end of said inner rotation shaft;

a third bevel gear is provided to the shaft
of said second speed reducer so as to engage
with said first bevel gear, for receiving a bend-
ing torque inputted from the "y" axis; and

a bending rotation of the wrist portion is
made via said second speed reducer by the
input bending torque transmitted through said
third bevel gear,

being further characterized in that:

said second bevel gear engages with a
fourth bevel gear attached on one end of a "8"
rotation shaft supported at right angle with the
robot arm "y" axis;

a fifth bevel gear is attached on the other
end of said "B8" rotation shaft;

a rotation shaft is provided at an acute
angle with said "g" rotation shaft so as to be
rotatably supported;

a sixth bevel gear is attached to one end
of said rotfation shaft so as to engage with said
fifth bevel gear;

a seventh bevel gear is attached to the
other end of said rotation shaft;

an eighth bevel gear is attached fo the
shaft of said first speed reducer so as to
engage with said seventh bevel gear for re-
ceiving a rotation torque inputted from the "y"
axis; and

a rotation of the wrist portion is made via
said first speed reducer by the input rotation
torque transmitted from said inner rotation
shaft through said eighth bevel gear.

A wrist mechanism for an industrial robot as
claimed in claim 1, wherein

a hole is drilled in the center of said third
bevel gear;

said third bevel gear is bolted to said
second speed reducer by a bolt screwed into
the shaft thereof through said hole;

a bearing is tightly inserted into a recess
bored in the end face of said third bevel gear;

a hole is drilled in the center of said fourth
bevel gear;

said fourth bevel gear is bolted to the
projecting end of said "g" rotation shaft by a
bolt screwed into the shaft thereof through said
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hole; and
said bearing is tightly inserted onto the
projecting boss of said fourth bevel gear.
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